The phosphatase inhibitors, orthovanadate and levamisole, inhibit induction of erythroid differentiation and abrogate the associated inhibition of glycolysis.
Alterations in protein tyrosine phosphate (PTP), lactate, and fructose 2,6-bisphosphate (F-2,6-P2) levels have been associated with induced MEL cell differentiation and commitment to terminal cell division (TCD). The possible relationships of perturbations in PTP metabolism and reduction in lactate formation during differentiation were investigated utilizing sodium orthovanadate, Na3VO4, primarily an inhibitor of PTP phosphatases, and levamisole, considered an alkaline phosphatase inhibitor. Both of these compounds were found to effectively inhibit the TCD-associated differentiation induced by DMSO, HMBA, and Na butyrate and to abrogate the differentiation-associated reduction in lactate accumulation due to these agents. However, they were found not to inhibit hemin-induced hemoglobin synthesis which is independent of TCD and does not alter lactate metabolism. Two brominated levamisole analogs, L-p-bromotetramisole and D-p-bromotetramisole, were also found to be inhibitors of TCD-associated differentiation and to be effective at even lower concentrations than levamisole. The changes in TCD-associated differentiation and lactate production exhibited the same concentration-dependence with respect to the inhibitors. These findings strengthened the theory that TCD-associated differentiation, decreased lactate production, and sensitivity to phosphatase inhibitors are all associated. Since the induction of MEL cell differentiation has been shown to be associated with, and is thought to be due to, the induction of PTP phosphatase activity and Na3VO4 is thought to inhibit the differentiation by inhibiting PTP phosphatase activity, the effect of levamisole on PTP levels was determined. Levamisole, like Na3VO4, was found to increase the tyrosine phosphate levels of proteins of similar molecular weights in intact cells in both the presence and absence of a differentiation inducer. Several phosphotyrosine-containing, similarly sized proteins were particularly affected by differentiation induction and by Na3VO4 and levamisole treatment. Changes in the levels of tyrosine phosphate-containing proteins of approximately 92-96, 60, and 38 kd were particularly noticeable. The induction of differentiation reduced PTP levels and inhibition of differentiation due to treatment with either Na3VO4 or levamisole increased their levels. These data suggest relationships between signal transduction pathways involved in differentiation and TCD, the regulation of lactate and F-2,6-P2 metabolism, and PTP levels.